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(54) PRODUCTION OF SEMICONDUCTOR DEVICE USING 
FORMING METHOD OF FINE PATTERN, AND SEMICONDUCTOR 
DEVICE PRODUCED BY THE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the m 
film thickness of a resist pattern already 
formed and to improve etching resistance by 
carrying out a process of forming a second Cb i 
resist pattern and a process of etching a base 
body with using the second resist pattern as a 
mask. 

SOLUTION: A first resist pattern la formed ( C j 
on a semiconductor substrate 7 and a second 
resist 2 formed on the first resist pattern are 
heat treated. By this heat treatment, 
crosslinking reaction is caused on the interface td) 
between the upper face of the resist pattern la 
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and the second resist 2. The crosslinking layer 4 which causes the 
crosslinking reaction by mixing baking is formed in the second resist 2 to 
break the first resist pattern la. Then a water-soluble org. solvent or 
developer is used to develop and remove the second resist 2 not crosslinked 
so as to form a second resist pattern 2a. Then the obtd. second resist pattern 
2a is used as a mask to etch the substrate. 
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(54) [Title of the Invention] Semiconductor Device Manufacturing Method 
Using Micro Pattern Forming Method and Semiconductor Device 
Manufactured by the Same Method 
(57) [Abstract] 

[Object] It is an object to increase a film thickness of an already-formed 
resist pattern in order to improve etching resistance in micronization of a 
separation pattern and a hole pattern. 

[Solution] A semiconductor device is manufactured by a manufacturing 
method including a step of forming a first resist pattern on a base material; 
a step of forming a second resist on the first resist pattern; a step of forming 
a crosslinking layer in an area, abutting on an upper surface of the first 
resist pattern, of the second resist; a step of forming a second resist pattern 
by exfoliating a non-crosslinking area of the second resist; and a step of 
etching the base material with the second resist pattern serving as a mask. 



[Scope of Claims] 

[Claim 1] A semiconductor device manufacturing method including a step 
of forming a first resist pattern on a base material; a step of forming a 
second resist on said first resist pattern; a step of forming a crosslinking 
layer in an area, abutting on an upper surface of said first resist pattern, of 
said second resist; a step of forming a second resist pattern by exfoliating a 
non-crosslinking area of said second resist; and a step of etching said base 
material with said second resist pattern serving as a mask. 
[Claim 2] A semiconductor device manufacturing method according to 
claim 1, wherein said first resist is composed of a resist capable of 
generating an acid or containing the acid, said second resist contains a 
component which causes crosslinking reaction due to the existence of the 
acid, and a crosslinking layer is formed in the area, abutting on the upper 
surface of said first resist, of said second resist when supplied with the acid 
from said first resist pattern. 

[Claim 3] A semiconductor device manufacturing method according to 
claim 1, wherein a method of forming said second resist involves forming a 
third resist having a non-crosslinking property so as to be embedded in a 
removed area of said first resist pattern, and subsequently forming said 
second resist. 

[Claim 4] A semiconductor device manufacturing method according to 
claim 1, 2 or 3, wherein said second resist and said third resist are soluble in 
water or a water solution. 

[Claim 5] A semiconductor device manufactured by a semiconductor 
device manufacturing method according to claim 1, 2, 3 or 4. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates to a 
material for a micro separation resist pattern for increasing a film 
thickness of the resist pattern when forming the resist pattern in a 
semiconductor process, to a micro separation resist pattern forming 
method using the same material, to a semiconductor device 
manufacturing method using the micro separation resist pattern, and to 
a semiconductor device manufactured by this manufacturing method. 
[0002] 

[Description of the Prior Art] With the high integration of the 
semiconductor device, wires and a separation width required in the 
manufacturing process are highly micronized. Generally, the micro 
pattern is formed based on a photolithography technique by a method of 
forming the resist pattern and etching a variety of base materials of a 
substrate in a way that uses a resist pattern formed thereafter as a 
mask. 

[0003] Therefore, the photolithography technique is highly important in 
terms- of forming the micro pattern. The photolithography technique 
includes resist coating, mask alignment, an exposure and development 
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but has a limit to a request for the micronization due to a restraint of an 
exposure wavelength. 

[0004] Moreover, with a shorter exposure wavelength, the resist 
material in use tends to be smaller in resist film thickness in terms of 
forming the micro pattern as a decline of etching resistance is 
accelerated, and the limit arises in terms of the constraint in etching 
conditions. 

[0005] Such being the case, a method of altering the resist surface by 
executing a process of silylating the resist surface is examined as a 
technique for improving the etching resistance of the resist (M.Sebald, et 
al.,SPIE, Vol. 1262,528(1990)). 

[0006] The silylation method has, however, the following problems 
remaining unsolved. A first problem (1) is that the resist is hard to 
remove after etching with generation of particles. A second problem 
(2) is that both of a pattern shape and an etching selection ratio are not 
acceptable. A third problem (3) is that the silylation method can not 
be applied if the substrate is composed of a oxide film. 
[0007] 

[Problems to be Solved by the Invention] As described above, the 
conventional photolithography technique based on the exposure has the 
limit to increasing the film thickness of the resist pattern in terms of 
the restrain in forming the micro pattern and therefore has the 
difficulty of ensuring the etching resistance. The present invention 
aims, in the micronization of the separation pattern and the hole 
pattern, at actualizing the increase in film thickness of the 
already-formed resist pattern in order to improve the etching resistance, 
and providing a material for increasing the film thickness and a film 
thickness increasing method. The present invention further aims at 
providing a semiconductor device manufacturing method using a micro 
separation resist pattern forming technique thereof and a semiconductor 
device manufactured by this manufacturing method. 
[0008] 

[Means for Solving the Problems] A micro pattern forming method 
according to the present invention is characterized by increasing, after 
forming a resist pattern, a film thickness of the resist pattern and thus 
improving the etching resistance in a way that increases the film 
thickness without deteriorating a resolution of the resist pattern. 
[0009] A semiconductor device manufacturing method according to the 
present invention includes a step of forming a first resist pattern on a base 
material; a step of forming a second resist on the first resist pattern; a step 
of forming a crosslinking layer in an area, abutting on an upper surface of 
the first resist pattern, of the second resist; a step of forming a second resist 
pattern by exfoliating a non-crosslinking area of the second resist; and a 
step of etching the base material with the second resist pattern serving as a 
mask. 
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[0010] Further, in the semiconductor device manufacturing method 
according to the present invention, the first resist is composed of a resist 
capable of generating an acid or containing the acid, the second resist 
contains a component which causes crosslinking reaction due to the 
existence of the acid, and a crosshnking layer is formed in the area, abutting 
on the upper surface of the first resist, of the second resist when supplied 
with the acid from the first resist pattern, and the semiconductor device is 
manufactured by use of this resist. 

[0011] Moreover, in the semiconductor device manufacturing method, a 
method of forming the second resist involves forming a third resist having a 
non-crosslinking property so as to be embedded in a removed area of the 
first resist pattern, and subsequently forming the second resist, and this 
method is used. 

[0012] Still further, in the semiconductor device manufacturing method, 
the second resist and the third resist are soluble in water or a water solution, 
and these resists are used. 

[0013] Yet further, in the semiconductor device manufacturing method, 

the second resist is not water-soluble, while the third resist is soluble in the 

water or the water solution, and these resists are used. 

[0014] A semiconductor device is manufactured by each semiconductor 

device manufacturing method. 

[0015] 

[Description of the Embodiments] First embodiment: FIG. 1 illustrates 
an example of a mask pattern for forming a micro-separated resist 
pattern at which the present invention aims. FIGS. 1 to 4 are 
processing flowcharts for explaining a micro separation resist pattern in 
a first embodiment of the present invention. Note that a positive resist 
is herein employed. 

[0016] To start with, a micro separation resist pattern forming method 
and a semiconductor device manufacturing method using this pattern 
forming method in the first embodiment will be described with reference 
to FIGS. 1 and 2. 

[0017] As depicted in FIG. 3, a first resist 1 incorporating a mechanism 
for generating an acid by a proper thermal treatment is coated (up to, 
e.g., 0.5 - 0.7 Dm in thickness) over a semiconductor substrate 
(semiconductor wafer) 7. 

[0018] The first resist 1 is coated over the semiconductor substrate 7 by 
spin coating etc, and next a solvent in the first resist 1 is evaporated by 
pre-baking (which is the thermal treatment conducted at 70 - 110°C for 
1 min). 

[0019] Next, for forming the first resist pattern, a projection exposure 
using a mask including the pattern as illustrated in FIG. 1 is performed 
by use of a light source corresponding to an applied sensitivity 
wavelength of the first resist 1, such as a g-line, an i-line, or Deep-UV, a 
KrF excimer, EB (electron beams) and X-rays. 
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[0020] As for a material of the first resist 1 used herein, a resist 
incorporating a mechanism for generating an acid component by the 
proper thermal treatment is sufficient and may also be either a positive 
resist or a negative resist. 

[0021] For example, the first resist is exemplified by the positive resist 
composed of a novolac resin and a naphtoquinone diazide group 
photosensitizer. 

[0022] Further, a chemical amplification type resist using the 
mechanism for generating the acid can be applied as the first resist. 
Other types of resists may also be available if the resist material makes 
the use of a reaction series which generates the acid by heating. The 
chemical amplification type resist is exemplified such as the positive 
type resist composed of a polyhydroxy styrene resin and a photo-acid 
generator of an onium salt series. 

[0023] After exposing the first resist 1 to the light, PEB (Post Exposure 
Baking) is carried out as the necessity arises (e.g., PEB temperature: 50 
- 130°C, thereby improving the resolution of the resist 1. 
[0024] Next, the development is conducted by use of an alkali solution 
containing TMAH (tetra methyl ammonium hydroxide that is 
approximately 0.05 - 3.0 wt%. FIG. 2 illustrates the first resist 
pattern formed by employing the positive chemical amplification resist. 
[0025] There might be a case of performing post-developing bake on 
demand after executing the developing process (e.g., a baking 
temperature is on the order of 60 - 120°C, and baking time is about 60 
sec). This thermal treatment affects the subsequent mixing reaction, 
and hence it is desirable that the temperature is set proper in 
accordance with the material of the first resist or the second resist. 
[0026] The processes described above are the same as for forming the 
resist pattern by the general resist process as the process separately 
from a point of employing the first resist 1 which generates the acid. 
[0027] Next, as depicted in FIG. 3, a second resist 2 composed mainly of 
a crosslinking material which crosslinks through the existence of the 
acid and dissolved by a solvent that does not dissolve the resist pattern 
in FIG. 2, is coated over the semiconductor substrate 7. 
[0028] A method of coating the second resist 2 is not particularly 
limited if capable of coating the second resist 2 uniformly on the first 
resist pattern la. The second resist 2 can be coated by a spray, coated 
by rotations or in the way of being dipped in a second resist solution. 
[0029] Next, after coating the second resist 2, this resist is prebaked 
(e.g., at 85°C for about 60 sec) as the necessity arises, thereby forming a 
second resist layer 2. 

[0030] Subsequently, as illustrated in FIG. 3, the first resist pattern la 
formed on the semiconductor substrate 7 and the second resist 2 formed 
on the first resist pattern la are subjected to the heating treatment. 
The heating temperature is, for example, on the order of 85°C - 140°C 
and is set within a temperature range in which the resist pattern la 
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does not get deformed. The heating treatment accelerates a diffusion 
of the acid from the first resist pattern la, and the acid is supplied into 
the second resist 2, with the result that the crosslinking reaction occurs 
on an interface of the second resist 2, which abuts on the upper surface 
of the first resist pattern la. In this case, the heating treatment 
temperature/time is, e.g., 85°C -140°C/60-120 sec and may be set under 
optimal conditions, depending on a type of the resist material in use and 
a thickness of the reaction layer required. 

[0031] A crosslinking layer 4 causing the crosslinking reaction due to 
the mixing bake is formed within the second resist 2 so as to cover the 
first resist pattern la. 

[0032] Next, as depicted in FIG. 3, the second resist 2 un-crosslinked is 
developed by use of the water or the water solution of an aqueous 
organic solvent or the developer of the alkali solution of TMAH etc and 
then exfoliated, thereby forming a second resist pattern 2a. Through 
the processes described above, an inside diameter of the hole or a 
separation width between the line patterns is reduced or left in isolation, 
whereby a resist pattern with an enlarged pattern area can be obtained. 
[0033] As described above, the micro separation resist pattern forming 
method discussed with reference to FIG. 3 has been described as the 
method of generating, before or after forming the second resist layer 2 
on the first resist pattern la, the acid in the first resist pattern la by 
the proper heating treatment and diffusing the acid into the second 
resist 2. 

[0034] Next, in place of this heating treatment or prior to the heating 
treatment, a method of generating the acid through the exposure will be 
described. 

[0035] FIG. 4 is a processing flowchart for explaining the micro 
separation resist pattern forming method in this case. 
[0036] After forming the first resist layer la illustrated in FIG. 4, as 
illustrated in FIG. 4, the entire surface of the semiconductor substrate 
is exposed to the g-line, the i-line or the beams of the KrF excimer laser, 
thus generating the acid in the first resist pattern la. Then, the 
crosslinking layer 4 is thereby formed in the vicinity of the interface of 
the second resist 2, which abuts on the first resist pattern la. 
[0037] Further, after forming the second resist layer 2 illustrated in 
FIG. 4, the entire surface of the semiconductor substrate is exposed to 
the g-line, the i-line or the beams of the KrF excimer laser, thus 
generating the acid in the first resist pattern la. Then, the 
crosslinking layer 4 is thereby formed in the vicinity of the interface of 
the second resist 2, which abuts on the first resist pattern la. 
[0038] The exposure may be conducted either before or after forming 
the second resist, which option may be made according to the necessity 
without being limited in particular. 

[0039] The light source employed for the exposure at this time can 
involve using an Hg lamp, the KrF excimer and an ArF excimer, 
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corresponding to the photosensitive wavelength of the first resist 1. 
The light source is not, if capable of generating the acid through the 
exposure, particularly limited, and the exposure may be done by 
employing the light source and an exposure quantity corresponding to 
the photosensitive wavelength of the first resist 1 in use. 
[0040] Next, the semiconductor substrate 7 undergoes the thermal 
treatment (which is the mixing bake at, e.g., 60°C - 130°C) according to 
the necessity. With this thermal treatment, the acid is diffused from 
the first resist pattern la and supplied into the second resist 2. Then, 
the crosslinking reaction is accelerated at the interface between the 
second resist 2 and the first resist pattern la. In this case, the mixing 
bake/time is, e.g., 60°C -130°C/60-120 sec and may be set under optimal 
conditions, depending on the type of the resist material in use and the 
thickness of the reaction layer required. 

[0041] With this mixing bake, the crosslinking layer 4 causing the 
crosslinking reaction is formed within the second resist 2 so as to cover 
the first resist pattern la. 

[0042] Next, the process in FIG. 4(e) is the same as in FIG. 3(d). 
Through the processes described above, it is feasible to obtain the resist 
pattern with the increased film thickness of the resist pattern without 
any decline in resolution of the resist pattern. 

[0043] Herein, the material used for the second resist 2 will be 
described. 

[0044] The material of the second resist can involve using singly a 
water-soluble resin exhibiting the crosslinking property or a mixture of 
two or more types of water-soluble resins. Further, the water-soluble 
crosslinking agent can be employed singly, or a mixture of two or more 
types of water-soluble crosslinking agents is employed. Moreover, a 
mixture of the water-soluble resin and the water-soluble crosslinking 
agent is also used. 

[0045] In the case of employing the mixture as the second resist, a 
material composition thereof may be set as an optimal composition 
depending on the applied material of the first resist or the set reaction 
conditions but is not limited in particular. 

[0046] Specific examples of the water-soluble resin composition used for 
the second resist are, as illustrated below, poly acrylic acid, polyvinyl 
acetal, polyvinyl pyrrolidone, polyvinyl alcohol, polyethylene imine, 
polyethylene oxide, a styrene-maleate copolymer, a polyvinyl amine 
resin, polyallyl amine and an oxazoline group containing water-soluble 
resin, which are effectively applicable in particular. Further, in a case 
where the crosslinking reaction occurs or does not occur under the 
existence of the acid component, if can be mixed with the water-soluble 
crosslinking agent, the resin composition is not particularly limited. A 
water-soluble melamine resin, a water-soluble carbamide resin, an 
alkyd resin and a sulfonamide resin are also applicable. Furthermore, 
these resins are effective if used singly or as a mixture. 
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[0047] 

[Chemical Formula 1] 

a. .. poly vinyl alcohol 

b. .. polyvinyl amine 

c. polyallyl amine 

d. .. poly vinyl pyrrolidone 

e. .. poly vinyl acetal 

f. ..poly acrylic acid 

g. ..poly-N-vinyl formaldehyde 

h. ..styrene- male ate copolymer 

i. .. polyethylene imine 
j... poly oxazoline 

k... polyethylene oxide 

[0048] These water-soluble resins may be employed singly or as a 
mixture of two or more types and can be properly adjusted depending on 
the reaction quantity and reaction condition with the first resist 1 of the 
base material. 

[0049] Further, these water-soluble resins may be transformed into 
salts such as hydrochloride for the purpose of improving the solubility to 
the water. 

[0050] Next, the water-soluble crosslinking agents applicable to the use 
for the second resist are specifically, as illustrated below, 
carbamide-series crosslinking agents such as carbamide derivative, 
alkoxy ethylene carbamide, N-alkoxy ethylene carbamide, ethylene 
carbamide and ethylene carbamide carboxylic acid, melamine-series 
crosslinking agents such as melamine and alkoxy methylene melamine, 
and amino-series crosslinking agents such as benzo guanamine and 
glycoluryl. The crosslinking agents are not, however, particularly 
limited to the amino-series crosslinking agents if being the 
water-soluble crosslinking agents in which the crosslinkage is formed 
due to the acid. 
[0051] 

[Chemical Formula 2] 

a. .. carbamide derivative 

b. .. ethylene carbamide 

c. .. ethylene carbamide carboxylic acid 

d. .. N-alkoxy ethylene carbamide derivative 

e. .. melamine derivative 

f. .. N-alkoxy melamine derivative 

g. .. glycoluryl 

h. .. benzo guanamine 

[0052] Moreover, as for the specific materials of the water-soluble resist 
used for the second resist 2, the single or the mixture of the 
water-soluble resins described above is, it is also effective, mixed for use 
with the single or the mixture of the water-soluble crosslinking agents 
similarly described above. 



[0053] For instance, to be specific, the second resist is exemplified by 
using the polyvinyl acetal resin as the water-soluble resin composition, 
methoxy methylol melamine as the water-soluble crosslinking agent or a 
mixture with ethylene carbamide. In this case, the water solubility is 
high, and hence stability of preserving the mixed solution exhibits 
excellence. 

[0054] Note that the materials applied to the second resist are not 
particularly limited if soluble to the water-soluble solvent which does 
not dissolve the first resist pattern and if causing the crosslinking 
reaction under the existence of the acid component. 

[0055] Next, in the present invention, it is important to control the 
crosslinking reaction with the first resist 1 and the second resist 2 and 
control the thickness of the crosslinking layer 4 formed on the first 
resist pattern la. It is desirable that the control of the crosslinking 
reaction be optimized corresponding to the applied reactivity with the 
first resist 1 and the second resist 2, the shape of the first resist pattern 
la and the required thickness of the crosslinking layer 4. 
[0056] The control of the crosslinking reaction with the first resist and 
the second resist involves using a method based on an adjustment of the 
process condition and a method of adjusting the composition of the 
material of the second resist. 

[0057] The effective process-wise methods of controlling the 
crosslinking reaction are (1) a method of adjusting the quantity of the 
exposure over the first resist pattern la, and (2) a method of adjusting 
an MB (Mixing Bake) temperature and a period of processing time. 
Especially, the thickness of the crosslinking layer can be controlled by 
adjusting the crosslinking time (MB time) by heating, which is said to be 
a method exhibiting extremely high reaction controllability. 
[0058] Further, the effective methods in terms of the material 
composition used for the second resist are (3) a method of mixing proper 
two or more types of water-soluble resins and controlling the reaction 
quantity with the first resist by adjusting a mixing ratio thereof, and (4) 
a method of mixing the water-soluble resin with the proper 
water-soluble crosslinking agent and controlling the reaction quantity 
with the first resist by adjusting the mixing ratio thereof. 
[0059] The control of the crosslinking reaction is not, however, 
determined unitarily. The control of the crosslinking reaction is 
required to be determined in a way that takes into consideration a 
variety of conditions such as (1) the applied reactivity between the 
second resist material and the first resist material, (2) the shape and 
the film thickness of the first resist pattern, (3) the film thickness of the 
necessary crosslinking layer, (4) the usable exposure condition or the 
MB condition and (5) the coating condition. 

[0060] It is known that especially the reactivity between the first resist 
and the second resist is affected by the composition of the first resist 
material. Therefore, in the case of actually applying the present 
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invention, it is desirable to optimize the composition of the second resist 

material by considering the factors described above. 

[0061] Accordingly, the type and the composition ratio of the 

water-soluble material used for the second resist are not particularly 

limited but are optimized corresponding to the type of the material in 

use and the thermal treatment condition as well. 

[0062] Next, the solvent used for the second resist will be described. 

[0063] The solvent used for the second resist is further required not to 

dissolve the pattern of the first resist and required to sufficiently 

dissolve the water-soluble material. The solvent is not limited 

particularly if satisfying this condition. 

[0064] For example, the solvent of the second resist may involve using a 
single or a mixed solution of the water (pure water) or an alcohol-series 
solvent such as the water and IPA (isopropyl alcohol) or a water-soluble 
organic solvent such as N-methyl pyrrolidone. 

[0065] The solvent mixed with the water is not particularly limited if 
being water soluble. To give an example, the alcohols such as ethanol, 
methanol and isopyl alcohol, D-butyrolactone and acetone are usable and 
may be mixed within a range that does not dissolve the first resist pattern, 
corresponding to the solubility of the material employed for the second 
resist. 

[0066] Second embodiment: FIG. 5 is a processing flowchart for 
explaining the micro separation resist pattern forming method in a 
second embodiment. The micro separation resist pattern forming 
method and the semiconductor device manufacturing method using the 
pattern forming method according to the second embodiment will 
hereinafter be described with reference to FIG. 5. 

[0067] To begin with, as illustrated in FIG. 5, a first resist pattern 11a 
is formed on the semiconductor substrate 7. The forming method 
discussed in the first embodiment is effectively used, and hence the 
detailed description thereof is omitted for avoiding the redundancy. 
[0068] Next, a resist 3 is formed, which does not dissolve the first resist 
pattern 11a and causes no reaction to the existence of the acid, i.e., does 
not interact with the first resist pattern 11a. 

[0069] The resist 3 is formed so as to embed the separation space area 
of the resist pattern 11a. A thickness of the resist 3 is set so as not to 
cover the upper surface area of the resist pattern 11a or set, if covered, 
so that the acid component diffused from the resist pattern 11a will 
sufficiently diffuse to the resist 2 to be formed. 

[0070] An applicable material of the resist 3 is PVA (polyvinyl alcohol) 
or PVP (polyvinyl pyrrolidone) as the water-soluble material. The 
material is not limited to these substances. The material is not 
particularly limited if being the material which does not interact with 
the resist pattern 11a. 

[0071] Next, the resist 2 is formed. The forming method and the 
material of the resist 2 have already been described in the first 
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embodiment, and hence the detailed descriptions thereof are herein 
omitted. 

[0072] Further, as illustrated in FIG. 5(e), a non-crosslinking area is 
rinsed by a rinsing process and thus removed, whereby the resist 
pattern with the improved etching resistance can be acquired by 
increasing the film thickness of the resist pattern without any decline of 
the resolution of the resist pattern 11a. 
[0073] 

[Working Examples] Next, working examples of the first embodiment 
and the second embodiment will be described. One working example 
might relate to one or more embodiments, and therefore the descriptions are 
packaged. 

[0074] First Manufacturing Example 

A chemical amplification type excimer resist made by Tokyo Ohka 
Kogyou Co., Ltd. is used as the first resist, and the resist pattern is 
formed. 

[0075] To being with, the resist is dropped onto a Si wafer, and the film 
is grown by rotational coating. Next, the film is prebaked at 90°C/90 
sec, thereby drying the solvent contained in the resist. Subsequently, 
the exposure is conducted by a KrF excimer reduction projection 
exposure apparatus in a way that uses the mask as illustrated in FIG. 1. 
[0076] Next, the PEB process is executed at 100°C/90 sec. 
Subsequently, the development is performed by use of an alkali 
developer (NMD-W made by Tokyo Ohka Kogyou Co., Ltd.), thereby 
obtaining a resist pattern that is 0.71 Dm in thickness as illustrated in 
FIG. 7. 

[0077] Second Manufacturing Example 

As a material of the second resist, the pure water of 90g is mixed 
with polyvinyl acetal resins S-REC KW3, KW1 made by Sekisui 
Chemical Co., Ltd., a polyvinyl alcohol resin, polyvinyl pyrrolidone, an 
oxazoline containing water-soluble resin (EPOCROS WS500 made by 
Nippon Shokubai Co., Ltd.) and a styrene-anhydrous maleate copolymer 
(SMA1000, 1440H made by ARCO Chemical Co.), which are each lOg. 
The mixture is agitated at the room temperature for 3 hours by use of a 
1L measuring flask, whereby 10wt% water solution is obtained each. 
[0078] Third Manufacturing Example 

As the material of the second resist, the pure water of 90g is mixed 
with methoxy methylol melamine (Simel 370 made by Mitsui Sinamide 
Co., Ltd.), (N-methoxy methyl) methoxy ethylene carbamide and 
(N-methoxy methyl) hydroxy ethylene carbamide, N-methoxy methyl 
carbamide, which are each lOg. The mixture is agitated at the room 
temperature for 6 hours by use of the 1L measuring flask, whereby 
10wt% water solution is obtained each. 
[0079] Fourth Manufacturing Example 

As the material of the second resist, the respective KW3 10 wt% 
water solutions of 60g, 70g and 80g each obtained in the second 



manufacturing example are mixed with 10 wt% water solutions of 40g, 
30g and 20g of (N-methoxy methyl) hydroxy ethylene carbamide each 
obtained in the third manufacturing example, thereby acquiring the 
mixed solutions of the water-soluble resins and the water-soluble 
crosslinking agents. 
[0080] Fifth Manufacturing Example 

As the material of the third resist, the pure water of 90g is mixed 
with the polyvinyl alcohol resin and polyvinyl pyrrolidone which are 
each lOg. The mixture is agitated at the room temperature for 3 hours 
by use of the 1L measuring flask, whereby 10wt% water solution is 
obtained each. 

[0081] Sixth Manufacturing Example 

As the material of the second resist, the 10 wt% water solution of 
80g of polyvinyl alcohol obtained in the second manufacturing example 
and the 10 wt% water solution of 20g of methoxy methylol melamine 
obtained in the third manufacturing example are agitated at the room 
temperature for 3 hours by use of a 1L measuring flask, thereby 
obtaining the mixed solution of the water-soluble resin and the 
water-soluble crosslinking agent. 

[0082] First through Fourth Working Examples and First Comparative 
Example 

The second resist material obtained in the fourth manufacturing 
example is dropped onto the Si wafer formed with the first resist pattern 
acquired in the first manufacturing example. After the spin-coating, 
the prebake is conducted at 85°C/70 sec, thereby forming the second 
resist film. 

[0083] Next, the heating treatment is carried out under the respective 
conditions of 100°C, 110°C, 120°C/60sec, and the crosslinking reaction is 
progressed. Next, the development is performed by use of the pure 
water, and the not-yet-crosslinked layer is developed and exfoliated. 
In the subsequent condition of 110°C/60 sec, the post-bake is conducted, 
thereby forming the second resist crosslinking layer on the first resist 
pattern. As illustrated in FIG. 8, the second resist pattern is thus 
formed. In FIG. 8, with respect to the film thickness of the second 
resist pattern, there is measured a resist pattern size after forming the 
crosslinking layer while changing the mixture ratio of the water-soluble 
resin. Table 1 illustrates the measured results. 
[0084] 
[Table 1] 



Table 1 



Working 


Ratio by Weight 


Resist Thickness (Dm) 


Examples 






Heating Treatment Temperature 
(°C) 




Resin 


Crosslinking 
Agent 


100 


110 


120 


Comparative 


0 


0 


0.71 


0.71 


0.71 
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Example 1 












Working 


1 


0 


0.74 


0.76 


0.77 


Example 1 












Working 


8 


2 


0.78 


0.80 


0.82 


Example 2 












Working 


7 


3 


0.80 


0.84 


0.86 


Example 3 












Working 


6 


4 


0.82 


0.88 


0.90 


Example 4 













[0085] In this case, it is known that the thickness of the crosslinking 
layer formed on the first resist can be controlled by changing a mixture 
quantity of the water-soluble resin and the water-soluble crosslinking 
agent and changing the heating treatment temperature. 
[0086] Fifth through Seventh Working Examples 

The entire surface of the Si wafer formed with the first resist 
pattern acquired in the first manufacturing example is exposed to the 
light with a dose of 0,2,5 mJ/cm 2 by employing the KrF excimer 
exposure apparatus as depicted in FIG. 9. Next, the 10 wt% mixed 
solution of KW3 and (N-methoxy methyl) hydroxy ethylene carbamide, 
which is obtained in the fourth manufacturing example, is dropped as 
the second resist material. After the spin-coating, the prebake is 
conducted at 85°C/70 sec, thereby forming the second resist film. 
[0087] Moreover, the heating treatment is carried out at 120°C/60sec, 
and the crosslinking reaction is progressed. Next, the development is 
performed by use of the pure water, and the not-yet-crosslinked layer is 
developed and exfoliated. Subsequently, the post-bake is conducted at 
110°C/60 sec, thereby forming the second resist crosslinking layer on the 
first resist pattern as depicted in FIG. 9. Further, the film thickness 
of the resist pattern after forming the crosslinking layer is measured. 
Table 2 illustrates the measured results. It is known from this table 
that each film thickness 0.71 Dm of the first resist before forming the 
crosslinking layer increases, the film thickness of the crosslinking layer 
increases with a rise in exposure quantity, and the film thickness of the 
whole resist pattern increases. 
[0088] 
[Table 2] 

Table 2 



Working Examples 



Exposure 
(mJ/cm 2 ) 



Quantity 



Resist Thickness (Dm) 



0.77 
0.79 
0.83 



[0089] Eighth through Tenth Working Examples 

The polyvinyl alcohol solution obtained in the fifth manufacturing 
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example is, as illustrated in FIG. 10, dropped as the third resist 
material onto the Si wafer formed with the first resist pattern obtained 
in the first manufacturing example. After the spin-coating, the prebake 
is conducted at 85°C/70 sec, thereby forming the third resist film. 
Next, the 20 wt% mixed solution of polyvinyl alcohol and methoxy 
methylol melamine, which is obtained in the sixth manufacturing 
example, is dropped as the second resist material. After the spin-coating, 
the prebake is conducted at 85°C/70 sec, thereby forming the second 
resist film. 

[0090] Furthermore, the heating treatment is executed at 110°C/6 sec, 
115°C/60 sec and 120°C/60 sec, and the crosslinking reaction is 
progressed. Next, the development is performed by use of the pure 
water, and the not-yet-crosslinked layer is developed and exfoliated. 
Subsequently, the post-bake is conducted at 110°C/60 sec, thereby 
forming the second resist crosslinking layer on the first resist pattern as 
depicted in FIG. 10. Further, the film thickness of the resist pattern 
after forming the crosslinking layer is measured. Table 3 illustrates 
the measured results. 



[0091] 
[Table 3] 

Table 3 



Working Examples 


Bake Temperature 


Resist Thickness (Dm) 




(°C) 




8 


110 


0.78 


9 


115 


0.82 


10 


120 


0.85 



[0092] As discussed in detail, according to the present invention, in the 
micronization of the resist pattern, there are acquired the micro 
separation resist pattern forming material and the micro resist pattern 
forming method using this material, which enable the formation of the 
pattern in excess of the limit of the etching resistance of the film 
thickness of the resist to be used. 

[0093] According to inventions as set forth in claims 1, 2, 3 and 4, the 
film thickness of the micro resist pattern can be increased without any 
decline of the resolution thereof, and it is feasible to actualize the 
decrease in film thickness of the resist, which accompanies the 
micronization of the pattern, without sacrificing the etching resistance. 
Moreover, the micro-separated spaces or holes can be formed on the 
semiconductor substrate by employing the thus-formed micro separation 
resist pattern. 

[0094] According to the inventions as set forth in claim 5, the 
semiconductor device including the micro-separated spaces or holes can 
be acquired by the manufacturing method according to claims 1, 2, 3 and 
4. 

[Brief Description of the Drawings] 
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[FIG. 1] A diagram of a mask pattern for explaining a resist pattern forming 

method in a first embodiment of the present invention. 

[FIG. 2] A diagram of the mask pattern for explaining the resist pattern 

forming method in the first embodiment of the present invention. 

[FIG. 3] A step flowchart for explaining the resist pattern forming method in 

the first embodiment of the present invention. 

[FIG. 4] A step flowchart for explaining the resist pattern forming method in 
the first embodiment of the present invention. 

[FIG. 5] A step flowchart for explaining the resist pattern forming method in 
a second embodiment of the present invention. 

[FIG. 6] A diagram of a first mask pattern in first through tenth working 
examples of the present invention. 

[FIG. 7] A diagram of a first resist pattern in the first through tenth working 
examples of the present invention. 

[FIG. 8] A step flowchart for explaining the resist pattern forming method in 

the first through fourth working examples of the present invention. 

[FIG. 9] A step flowchart for explaining the resist pattern forming method in 

the fifth through seventh working examples of the present invention. 

[FIG. 10] A step flowchart for explaining the resist pattern forming 

method in the eighth through tenth working examples of the present 

invention. 

[Description of the Reference Numerals and Symbols] 



1 


first resist 


la, 11a 


first resist pattern 


2 


second resist 


2a 


second resist pattern 


3 


third resist interacting with none of resist pattern 11a 


4 


crosslinking layer 


5 


un- crosslinked layer 


6 


upper layer agent 


7 


semiconductor substrate (semiconductor wafer) 


8 


mask pattern 
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